Introduction
Twin studies have contributed to our understanding of type 1 and type 2 diabetes mellitus.
1 2-7 Nevertheless, limitations of twin studies include small sample sizes and the potential for biased overascertainment of concordant twin pairs. 8 9 Such overascertainment is being dealt with by analysing twins identified through national registries 6 7 and by the prospective study of twin pairs discordant for diabetes at recruitment. [1] [2] [3] [4] [5] [6] [7] [8] [9] Over the past decade a series of islet autoantigens have been cloned 10 and sensitive and specific autoantibody assays are now available. 11 Non-diabetic monozygotic twin siblings of patients with type 1 diabetes show a high prevalence of islet cell autoantibodies in most studies, ranging between 42% and 76%. 1 7 12 This finding is concordant with their high progression to diabetes. Most autoantibodies determined by radioassays are consistently expressed before diabetes develops, and most monozygotic twin siblings with multiple autoantibodies develop diabetes in the long term. 1 12 Studies of dizygotic twins from all series, even with life table projections, indicate a low concordance rate for diabetes, between 0% 12 and 13%, 5 6 compared with 21% to 70% for monozygotic twins. 1 5 6 12 The highest rates for progression to diabetes in monozygotic twin siblings have been reported in studies with life table analysis and long term follow up. 1 7 A recent report concerning Danish dizygotic twins indicates that as many as 77% of non-diabetic dizygotic twin siblings expressed GAD65, insulin, or cytoplasmic islet cell autoantibodies. The results of this study are surprising in that they suggest that the expression of islet cell autoantibodies is environmentally determined and that dizygotic twins who express islet cell autoantibodies are at a much lower risk of developing diabetes than non-twin siblings. 7 Stimulated by this report we assembled a series of dizygotic twins to compare with our studies of monozygotic twins. [1] [2] [3] [4] We examined the prevalence of islet cell autoantibodies in non-diabetic dizygotic twin siblings and the prevalence of autoantibody expression and progression to diabetes in monozygotic twin siblings with the HLA genotype DQ8/DQ2.
Participants and methods

Participants
We evaluated 30 dizygotic and 53 monozygotic twin siblings of patients with type 1 diabetes. To avoid a biased overascertainment of concordant pairs we included only those siblings without diabetes at recruitment. The number of monozygotic twin siblings was larger than that of dizygotic twin siblings because recruitment of monozygotic twins started earlier. Table  1 summarises the monozygotic and dizygotic cohorts. Monozygosity was confirmed by parental report, same sex, HLA testing and blood group typing, and recently by DNA based testing for five highly polymorphic microsatellite loci (LDLR, GYPA, HBGG, D7S8, GC) (AmpliType PM, Perkin Elmer, Roche Molecular System, Branchburg, New Jersey). Out of those with available data on autoantibodies, 81.6% (31/38) of index monozygotic twins and 70% (7/10) of index dizygotic twins were positive for autoantibodies (>1).
Non-index twins were studied prospectively for progression to diabetes and, for those who developed diabetes, follow up ended at onset of disease. The median (range) follow up was 12.2 (0-45.4) years for the monozygotic twin siblings and 5.9 (0-22.6) years for the dizygotic twin siblings. Blood samples were sequentially drawn at follow up to be tested for islet cell autoantibodies. To determine the autoantibody status the last available serum sample was analysed. Samples drawn after the diagnosis of diabetes were not analysed. Participants who transiently expressed autoantibodies were considered negative for autoantibodies. The selection criterion for autoantibody analysis was availability of serum.
The sibling group consisted of 149 non-twin siblings of patients with type 1 diabetes who were recruited as part of the diabetes autoimmunity study in the young (DAISY). 13 The median (range) age at the first and last visit was, respectively, 3.3 (0.5-7.9) and 5.1 (0.7-11) years. The median follow up time was 2 (0-4.1) years. In addition, 101 control participants (median age 30 (18.5-61) years) were tested. Studies were conducted with informed consent and approval from the Institutional Review Boards of the University of Colorado and the Joslin Diabetes Center.
Islet cell autoantibody assays
Serum samples were stored at − 20°C before testing. Insulin autoantibodies were measured by a fluid phase radioimmunoassay, incorporating competition with unlabelled insulin and precipitation with polyethylene glycol. 14 The assay uses 600 l of serum (150 l duplicates with and without unlabelled insulin). The interassay coefficient of variation was 10.3% (n = 7). The normal upper limit for insulin autoantibodies (42 nU/ml) was determined as the 99th centile of 198 healthy subjects without a first degree relative with diabetes. GAD65 autoantibodies were measured in duplicate by using the radioassay described by Falorni et al. 15 16 This assay uses in vitro synthesised recombinant human GAD65 and precipitation with protein A Sepharose and scintillation counting. The results are expressed as an index calculated from the sample and control counts (index = (cpm patient sera − cpm control sera)/(cpm positive control sera − cpm control sera), where cpm is counts per minute. The interassay coefficient of variation was 6.5% (n = 6). ICA512/IA-2 autoantibodies were measured by using a recombinant human ICA512 protein transcribed and translated in vitro with methionine labelled with sulphur-35. 16 17 The assay used clone ICA512bdc. 18 The results are expressed as an index calculated with the same formula used in the GAD65 radioassay. The interassay coefficient of variation was 9.6% (n = 12). GAD65 and ICA512 were measured in a combined assay with a Packard Top counter with protein A sepharose and 96 well filtration. The 99th centile of GAD65 (index of 0.032) and ICA512 (index of 0.049) were established in 198 healthy control individuals. Cytoplasmic islet cell autoantibodies were
Terms used in the paper
• Index or proband twin: in a pair, the twin who first developed the disease • Discordance time: time from onset of disease in the index twin to onset of disease in the non-index twin or, if progression to disease did not occur, to the end of the study • Islet cell antibodies: antibodies relevant for type 1 diabetes (for example, insulin, glutamic acid decarboxylase (GAD65), ICA512, and cytoplasmic islet cell antibodies)
• DR and DQ: HLA molecules associated with risk for type 1 diabetes. DR molecules are made up of two chains, DR and DR , but only DR is polymorphic and needs to be specified. DQ molecules are made up of two polymorphic chains, DQ and DQ . Each unique polymorphic chain is designated by a number, DR by one (for example, DRB1*0401) and DQ by two (for example, DQA1*0301, DQB1*0302, also termed DQ8) The prevalence of >1 autoantibodies to insulin, GAD65, ICA512, and cytoplasmic islet cells was higher in non-index monozygotic twins (22/53) than in non-index dizygotic twins (6/30; P < 0.05), non-twin siblings (16/149; P < 0.0001), and controls (6/101; P < 0.0001). Insulin, GAD65, and cytoplasmic islet cell antibodies were each significantly more often expressed in monozygotic twins compared with siblings, while dizygotic twins did not differ significantly (table 2) . Thirty eight monozygotic and 23 dizygotic twins were tested for all three biochemical autoantibodies (insulin, GAD65, and ICA512), and 26.3% (10/38) and 4.3% (1/23), respectively, expressed multiple (>2) autoantibodies (P < 0.05). Figure 2 illustrates the levels of autoantibodies for non-index dizygotic and monozygotic twins.
Out of 12 monozygotic twin siblings who developed diabetes during follow up, 11 consistently expressed islet cell autoantibodies (>1) before or at diagnosis of diabetes. Multiple (>2) biochemical autoantibodies were present in four out of the seven twin siblings who developed diabetes and were tested for all three autoantibodies. The one patient who developed diabetes but had negative results for antibodies in his last test had previously expressed insulin antibodies but become negative before developing diabetes. All three non-twin siblings who developed diabetes were positive for autoantibodies before onset of the disease.
Forty two monozygotic and 28 dizygotic twins were recruited within 10 years after diagnosis of diabetes in the index twin. More monozygotic twin siblings were positive for >1 autoantibodies than dizygotic twin siblings (19/42 v 6/28; P < 0.05). Nine out of 30 monozygotic compared with one out of 21 dizygotic twin siblings (P < 0.05) tested for all three biochemical autoantibodies were positive for >2 autoantibodies.
Within 10 years of discordance, 17/42 (40.5%) and 8/42 (19%) monozygotic twin siblings developed diabetes or became positive for autoantibodies, respectively, compared with 0/28 and 4/28 (14.3%) dizygotic twins (P < 0.05). Twenty nine monozygotic twins were followed up for longer than 10 years after onset of diabetes in the index twin. Ten of them were positive for autoantibodies or progressed to diabetes. Among the 24 monozygotic twins followed up for 10 years or less follow up ended in 13 participants because of progression to diabetes. In the cohort of dizygotic twins followed for over 10 years three out of 10 were positive for autoantibodies. By life table analysis the probability of developing positive autoantibodies was higher for the monozygotic twins bearing HLA DQ8/DQ2 than for the monozygotic twins without this genotype (P < 0.05) (fig 3) . In this analysis the time to the first serum sample that tested consistently positive for >1 autoantibodies was used to date conversion to positivity. Only participants with known DQ8/DQ2 (n = 39) were included. After 10 years of discordance the probability of developing positive autoantibodies for monozygotic twins with and without DQ8/DQ2 was 64.2% (95% confidence interval 32.5% to 96%) and 23.5% (7% to 40%), respectively (P < 0.05).
Discussion
There is universal agreement that monozygotic twin siblings of patients with type 1 diabetes have a higher risk of developing diabetes compared with dizygotic twin siblings of patients with diabetes. The survival curves obtained for our cohorts of monozygotic and dizygotic twins are significantly different (P < 0.05; fig  1) , and our observed progression to diabetes is consistent with that reported previously. 1 5 6 12 In our series the probability of monozygotic twins becoming concordant for diabetes was 13.5% (95% confidence interval 3.4% to 23.5%) at 7 years of discordance and 22.7% (9.1% to 36.3%) at 20 years. These may be underestimates of the actual rate of concordance as those twin pairs already concordant at recruitment were not included in the study. The absence of progression to diabetes to date in dizygotic twins is not significantly different from the progression in non-twin siblings in our or other 21 series. The higher concordance rate in monozygotic twins than in dizygotic twins suggests the importance of genetic factors in the aetiology of type 1 diabetes. The fact that the concordance rate in monozygotic twins is not 100% implies that environmental factors also play a part.
In Denmark Petersen and coworkers reported that 77% (27/35) of dizygotic twins without diabetes expressed at least one islet cell antibody. 7 In contrast, in our series only 20% (6/30) of such twins were positive for >1 antibodies (table 3) . Dizygotic twins did not express autoantibodies more often than siblings of patients with type 1 diabetes (6/30 v 16/149; P = 0.21).
It is unlikely that dizygotic twins in Denmark differ fundamentally from those in the United States. The twin pairs of our series were ascertained between 1970 and 1997, at a time when the incidence of diabetes in the United States was about 15/100 000 person years. The Danish Twin Register was established in 1991 22 23 ; between 1989 and 1993 the incidence of type 1 diabetes in Denmark was 17.4 per 100 000 person years. 23 We believe that the most likely explanation for the different results between the two studies relates to differences in the assays used for detection of islet cell autoantibodies. Marked differences between laboratories in specificity and sensitivity of such assays have been described. 11 Differences within laboratories may also occur over time. The concordance for insulin autoantibodies between different laboratories was considerably lower than for ICA512 and GAD65 autoantibodies, as tested in the Combinatorial Islet Autoantibody Workshop. 11 Johnston et al reported that monozygotic twins with HLA DR3/DR4 had higher concordance for type 1 diabetes than monozygotic twins without this genotype. 24 In our study monozygotic twins with HLA DQ8/DQ2, which is associated with diabetes, usually in linkage disequilibrium with DR3/4, had a higher risk of progression to islet cell autoimmunity and diabetes (fig 3) . This finding further supports the hypothesis that islet cell autoimmunity may be predominantly genetically determined.
It will be important to analyse additional series of dizygotic twins and to continue prospective studies of the twin series already reported. A paradigm shift will occur if dizygotic twins have a similar prevalence of autoantibody expression to monozygotic twins. We believe that at this time such paradigm shift is not warranted. Operative experience under the supervision of a consultant must be at the core of any surgical training programme. Almost no objective data on general surgical training, however, exist in the United Kingdom. Colorectal cancer surgery represents a substantial part of general surgery; the operations are of differing complexity, and a third present as emergencies. Individual surgeons may influence outcome after colorectal cancer surgery. 1 We determined trainee surgeons' supervised experience in three prospective UK colorectal cancer audits.
Methods and results
The audits covered 1990-4. The number of resections undertaken by trainees, and the proportion of these supervised by a consultant, were determined. A supervised resection was one in which the operation note named the consultant as the assistant. These audits did not record observational supervision. Right hemicolectomy and anterior resection for rectal and rectosigmoid cancers were considered to be representative of operations undertaken by junior and senior trainees. The current number of specialist registrar posts is 21 
